The influence of pollution from petroleum refining activities on the levels of nitrates and nitrites in five edible vegetable species was investigated. Besides, the kinetics of nitrite and nitrate was studied in vivo using albino rats with focus on the possible influence of concentration difference on kinetics and implications to toxicity. Leaf samples of the five vegetable species were collected randomly from various locations within Eleme, a host community of Port Harcourt Refinery Company and the Indorama Petrochemical Company. Also, samples were collected from Umuahia, which served as pollution-free control. The leaf samples were analyzed for their nitrite and nitrate contents. Nitrite was determined spectrophotometrically while nitrate was determined after cadmium column reduction. Results showed that samples from Eleme had higher mean nitrate (349.20 mg/100g dry leaf mass; P < 0.05) and nitrite (63.12 mg/100g dry leaf mass; P > 0.05) as compared to the same samples from Umuahia. Solutions of nitrate and nitrite, equivalent in concentration to mean nitrate and nitrite content of the vegetable samples from the two locations were administered enterally to four groups of albino rats. Analysis of their blood levels were monitored five times at 30 minutes intervals following administration. Rates of change of blood nitrites and nitrates were found to be fairly constant in absorption as well as in the elimination phase. Their peak blood concentrations varied proportionately with their concentrations in administered solutions. However, peak blood nitrate was attained later in group of animals receiving higher amount of nitrate solution. Refining activities may pre-dispose people living within Eleme community to health hazards through contamination of edible vegetables.
INTRODUCTION
Nitrates and nitrites are abundant in the environment, both in biological and non-biological systems. Its occurrence may be due to natural or human activity related sources [1] . Natural occurrence of nitrates and nitrites is a consequence of the nitrogen cycle, in which atmospheric nitrogen and ammonium from organic matter are converted to nitrites and nitrates through the nitrification process. Nitrifying bacteria such as the free-living azotobacter contain enzymes which catalyze the oxidation of ammonia to soil nitrite and nitrate, which are taken up by plants predominantly as nitrates [2] .
The use of commercial nitrogenous fertilizers and incorporation of wastes derived from animal husbandry or other sources into the soil may increase levels of nitrates and nitrites in surrounding soil and water resources. It has been observed that nitrate content of vegetables tended to increase with the increasing rate of nitrogen fertilizer application to the soil in which it is grown [3] . Only 10% of animal waste nitrogen is usually incorporated to the soil [4] . The rest poses a considerable environmental pollution threat. Another major human activeity-related source of nitrate and nitrite is industrial source. Industrial activities resulting in the emission of gaseous pollutants from the combustion of fossil fuel release considerable amount of nitrous oxides into the atmosphere [5] . Petroleum drilling and refining are the major Industrial activities in Nigeria. Both activities release huge amounts of poisonous gas mixtures. Recent report indicate that Nigeria flares 16% of total associated gas, the highest by any one country in the world [6] . Gas flaring in Nigeria is majorly attributed to the activities of oil extractive industries [6] and there is lot of data to that effect. However, there is a dearth of information on gas flaring resulting from petroleum refining. This fact notwithstanding, gas flaring from refineries is a dangerous reality to surrounding communities. The Port Harcourt Refinery company (PHRC) has been in operation for about forty five years now producing up to 210,000 barrels per stream day up from about 60,000 bpsd production when it commenced operations [7] . Consistent daily production in such magnitude over the period of existence of the company is expected to have serious environmental implications for the host community. Nitrous oxide, an oxide of nitrogen is among the greenhouse gases released in gas flares from oil refineries [5] and results in increased soil acidity probably following acid rain in areas affected by flaring [8] . Significant amount of nitrogen is therefore added to the soil as nitrous and nitric acids in this manner. Elevated sub-soil nitrate would imply its increased uptake by and accumulation in plants.
Vegetables are major sources of nitrates in human nutrition [9] . Nitrate metabolism in the human body begins in the oral cavity. According to the Human Health Fact sheet [10] , five percent of the nitrate taken in by healthy adults is reduced to nitrites by bacteria in saliva. Further nitrate conversion occurs in the alimentary canal. A number of studies have reported biotransformation of nitrate to nitrites by the nitrate reductase activity of the micro flora in the proximal intestine [11] . This biotransformation can be increased by certain conditions in the stomach specifically when the PH of the gastric juice is high enough to favor the growth of nitrate-reducing bacteria [10] . This process is of major concern particularly for infants whose gastrointestinal system is normally of higher PH than that of adults. In the presence of amines and thiocyanate catalysts, nitrites can be converted to the carcinogenic N-nitrosamines pre-absorption [12] . Ingested nitrate and nitrite is readily absorbed from the proximal small intestine [13] and rapidly equilibrates with body fluids. Circulating nitrate is actively secreted into saliva in humans [14, 15] and into gastric and intestinal fluids in rats [16] in a dose-dependent manner [17] . Nitrates are mainly excreted in body fluids, urine, and sweat and in feces via biliary secretion.
Distribution of nitrates into plasma, erythrocytes saliva and urine has been demonstrated by [18] . In erythrocytes, nitrites oxidize the normal Fe 2+ of hemoglobin to Fe 3+ forming methaemoglobin. Fe 3+ cannot transport oxygen, therefore resulting in poor oxygen supply to tissues. Cyanosis results from this [19, 20] . Due to the poor oxygen supply to tissues, body cells release lesser energy from fuel molecules ultimately leading to symptoms which include shortness of breath, headache, fatique, and exercise-intolerance. Methemoglobin formation is not of major concern in normal adults because of the presence of a protective enzyme, NADH-methemoglobin reducetase which reduces the Fe 3+ of methemoglobin into the normal Fe 2+ of hemoglobin. However, ingestion of large dose of nitrate could over-stretch the enzyme and increase the blood level of met-Hb. Infants have poorly developed NADH-methemoglobin reductase and are therefore susceptible to methemoglobinemia commonly called Blue Baby Syndrome [21] .
Human activity significantly contributes to the elevated environmental levels of nitrates and nitrites which can accumulate in crop plants [22] . This study examines the influence of petroleum refining and other downstream petroleum activities on the levels of nitrate and nitrate in vegetables cultivated and consumed by the people of Eleme, a host community of the Port Harcourt Refinery Company and the Indorama Petrochemical Company. In addition, it also investigates the kinetic properties of these compounds of nitrogen and the implication of these properties on toxicity.
MATERIALS AND METHODOLOGY
Nitrate and nitrate levels were assessed in five species of edible vegetables while the pharmacokinetic properties of nitrate and nitrite were studied using eight fiveweek old Albino rats.
Sample Collection of the Vegetable Species
Five vegetable species commonly consumed in the southeast and south-south regions of Nigeria were each randomly sampled from two different geographical locations. These locations are Alese (approximately 4˚47'N 7˚06'E) and the Port Harcourt Refinery road (between 4˚46'N 7˚06'E and 4˚45'N 7˚05'E) in Eleme Area of Port Harcourt for the South-south region ( Figure 1 ) and Umuahia main town (approximately 5˚31'N 7˚29'E) for the South-East region.
The vegetable species were Amaranthus sp., Vernolia amygdalina, Telferia occidentalis, Piper guinensis and Gangronema latifolium. One set of these were sampled randomly from settlements approximately within fivekilometer radius of the Port Harcourt refinery and petrochemical company in the south-south. Another set of the vegetables were sampled from adjoining communities and suburbs of Umuahia in the south-east. For both locations, samples were taken only from fields not applied with fertilizers. Both sampling were done within the same season at an interval of two days.
Animal Rearing
A total of eight five-week old albino rats were bred toether in standard rat litter cage for seven weeks. Within g this period, the animals were fed with growers feed mash. The animals were then grouped according to their weights one week prior to administration of nitrate and nitrite solutions equivalent in concentration to the nitrate and nitrite content of the vegetables from any of both locations.
OPEN ACCESS

Kinetic study in the Experimental Animals
The albino rats were divided into four groups, two animals per group. Nitrate and nitrite solutions were administered to the groups as follows:
Group one: were administered with nitrate solution equivalent in concentration to the average nitrate concentration of samples from suburbs of Umuahia.
Group two: were administered with nitrate solution equivalent in concentration to the average nitrate concentration of samples from Eleme.
Group three: were administered with nitrite solution equivalent in concentration to the average nitrite concentration of samples from Eleme.
Group four: were administered with nitrite solution equivalent in concentration to the average nitrite concentration of samples from suburbs of Umuahia. 1 ml solution of the appropriate nitrate and nitrite concentration equivalent was administered to each group of the albino rats enterally. Whole blood was withdrawn from the distal end of the tail at the following post-administration times: 10 minutes, 40 minutes, 70 minutes and 100 minutes. The blood samples were collected into 2 ml of saline in vials. Blood was allowed to clot at 4˚C and subsequently centrifuged. Serum was collected and analyzed for nitrite.
Nitrate and Nitrite Determination
Nitrite was determined using spectrophotometry according to the method described by Follett and Ratcliff [23] . Nitrate was determined after reduction to nitrite in a cadmium column [23] .
Statistical Analysis
The mean nitrate and nitrite content of vegetables from Eleme and Umuahia environs were compared statistically using the paired t-test.
RESULTS
Nitrite and Nitrate Contents of the Vegetables
Nitrite and nitrate levels in vegetable samples from two geographical locations with differential industrial pollution levels were determined. Nitrate and nitrite levels were consistently higher in all vegetable samples from Eleme except for Vernolia amydalina ( Table 1) . Average nitrate and nitrite content of Eleme-vegetables stands at 349.2 ± 326.9 mg/100g and 121.98 ± 106.1 mg/100g dry weight, while the average nitrate and nitrite content of vegetables from Umuahia environs are 63.1 ± 38.6 mg/100mg and 15.84 ± 6.8 mg/100g respectively (Table 2, Figure 2) .
Statistical comparison of nitrate content of the five vegetable species from both locations by t-test shows that nitrate content was significantly higher in samples collected from Eleme (P < 0.05). There was however no statistically significant difference in nitrite levels of vegetables from both areas (P > 0.05).
Nitrate and Nitrite Kinetics in Albino Rats
The kinetic parameters of nitrites and nitrates were assessed following their administration enterally to each experimental group of albino rats, in concentrations equivalent to observed levels in the vegetable samples tested. Blood levels of nitrates were analyzed in groups one and two while nitrite level was analyzed in groups three and four. Both analytes were measured every 30 minutes at 10, 40, 70 and 100 minutes post-administration times in all the groups (Tables 3 and 4) The log e values of concentration values recorded at each of these times in each group of animals were plotted (Figures 3 and 4) . Each of the graphs shows that blood nitrate and nitrite levels increased up to a peak value following administration, and started to drop beyond this value. This created two phases in the kinetics of nitrates and nitrites in the rats. These are the phases before and after the attainment of peak value which can be referred to as the absorption and elimination phases respectively. Peak concentrations varied proportionately across groups with administered quantities of nitrate and nitrite ( Table 5) . Animal groups which received higher nitrate and nitrite quantities had higher peak values of these analytes in their blood.
DISCUSSION AND CONCLUSIONS
Nitrate and nitrite levels varied in the two sets of vegetable samples collected from Eleme and Umuahia. While there was significantly higher mean nitrate in samples from Eleme, mean nitrite amounts were not significantly different statistically, as compared to samples from Umuahia. The significantly higher levels of nitrate in the vegetable samples collected from Eleme implies that the mean concentration of nitrate in all populations of the five vegetable species from this area is consistently higher than that for all populations of the same vegetable species within the suburban areas of Umuahia. Conversely, the non-significant difference in the levels of nitrite of both sample sets suggests that the mean nitrite concentration of all populations of the five vegetable species from the two locations does not differ significantly.
So many factors can influence the levels of nitrate and nitrites in vegetables but the most significant of these arises from two human activities such as agriculture and green house gas emission [8, 24] . Agricultural activities add huge amounts of nitrates and nitrites to the soil from organic and inorganic fertilizer application [3] and this has been observed to increase the nitrate content of soils [2] . Green-house gases include oxides of nitrogen released into the atmosphere from industrial combustion of fossil fuels [5] . Heavy industrial activities such as petroleum refining involve large scale combustion of crude oil releases gases including nitrogen oxides (NO and NO 2 ) that can undergo complex reactions with water vapor to form nitrates which later are deposited into the soil through acid rain and made available for absorption by plants [8] .
Fertilizer application, a major manmade source of soil nitrate and nitrite was controlled in this study by the use of samples grown without fertilizer. The minor factors which could influence soil nitrate levels such as vehicular emissions, sampling time, leaf shading and cultivation method [25] are not expected to vary significantly between both locations and were therefore considered insignificant. For instance, sampling was carried out in the same season and the method cultivation of the vegetable species is not different in both locations. The significantly higher nitrate content of vegetables from Eleme may therefore be the result of the high emission of green house gases which includes oxides of nitrogen, from petroleum refining. This is consistent with the observation of a significantly higher soil nitrate in an area where gas is flared as compared to a different environment free from flaring [8] . Acidity of rain water has been reported in two gas flaring cities in Nigeria [26] . Oxides of nitrogen released in gas flares [5] could be a component of the mixture of anthropogenic gases often dissolved in the acidic rains of oil producing cities including Port Harcourt [8, 16] . In this condition, substantial amounts of nitrate would be added to the soil and would accumulate in plants at concentrations comparatively higher than would be expected in the absence of acid rain. This is reflected in the comparatively higher mean concentration of nitrate observed in five vegetable species grown in the host community of PHRC and the Indorama Petrochemical Company as against those grown in the suburbs of Umuahia where there is no gas flaring ( Table 2 and Figure 2 ). This observation is consistent with the report of higher soil nitrate content in a Niger-Delta community affected by petroleum-related gas flaring compared with the soil nitrate content of another community which is free from gas flaring [8] .
OPEN ACCESS
The insignificant difference between the mean nitrite levels of vegetable populations of both locations suggests that nitrite content of vegetables may not be dependent on the environment. Nitrite content of soils is known to be smaller compared to nitrate amounts because nitrates are more stable forms of environmental nitrogen [1] . This implies that the vegetables absorb predominantly nitrates from the soil. Much of the nitrite content of the analyzed samples could be attributed to the nitrate reductase activity of the nitrate assimilation pathway in plants. The nitrite content of samples may therefore not be dependent on the levels of environmental pollution but on the average level of activity of this enzyme in the two sample sets. The major concern for toxicity is therefore associated with level of nitrate consumed in these vegetables since nitrates are readily reduced to nitrites which can form the carcinogenic N-nitrosamines in the presence of amines and thiocyanate, in the gut as well as pre-dispose to methemoglobinemia [12, 27] . The mean nitrate content of samples from the pollution-prone Eleme environs is higher than the upper permissible limit for vegetables in China [28] as well as the average for fresh spinach in Europe [29] . According to the Joint Expert Committee on Food and Agriculture (JECFA) and the European Commission's Scientific Committee on Food (SCF), the upper limit of acceptable daily intake for nitrate is 3.7 mg·kg −1 body weight [30] [31] [32] . Based on this, an averagely weighing adult of 60 kg should conume not more than 63.6 g per day, of the vegetable species produced in Eleme. Of particular note is the high variability in nitrate and nitrite levels of the five vegetable species within each of the locations which is shown by the high standard deviations from the sample means (Tables 1  and 2 ). This could reflect their differential capacity to accumulate nitrate which could be genetic [33] . The observed higher nitrite and nitrate concentraons of Amaranthus species are consistent with the classication of the vegetable among the high nitrate vegetables [24] .
The time-dependent blood concentrations of nitrates and nitrites at the post-administration times revealed concentration increase to a peak value followed by a deeasing phase (Tables 3 and 4, Figures 2 and 3) . The ineasing phase represents the absorption phase while the decreasing phase would represent the elimination phase.
In the absorption phase, blood levels of nitrate and nitrite increased at fairly constant rates up to a peak value, within each group. In the elimination phase, blood levels of nitrate and nitrite decreased at fairly constant rates from a peak value, within each group. These peak concentrations varied proportionately according to the concentration of nitrate or nitrite solution administered (Table 5). This fact suggests that greater risk of methemoglobinemia may be associated with increased exposure to sources of nitrate and nitrite compounds. In animal groups administered with nitrate solution, peak plasmanitrate was obtained at different post-administration times. Peak concentration was attained later in the group two which received higher concentration of nitrate (Table 4) which seems to suggest a longer retention time in the gut, a condition which enhances the chance of thiocynatecatalyzed formation of carcinogenic N-nitrosa mine [12] . However, further observation of fluctuations of blood nitrate in a higher number of animal groups would be required to validate this assumption. Peak concentration was attained at same time in groups three and four which have insignificantly different nitrite levels. From the foregoing, higher concentration of ingested nitrates and nitrites enhances the odds of Methemoglobin and N-nitosamine toxicity. While this is a likely scenario for nitrates and nitrites ingested in vegetables as well, irregularities in the absorption of nitrates and nitrites may arise in this case due to influence of vegetable matter in absorption. Otherwise, nitrates and nitrites tend to be more toxic at higher concentrations as shown in the kinetic results for administered nitrate and nitrate solutions (Figures 3 and  4) .
The activities of oil refinery companies constitute a significant threat to health. The observed relationship between concentration of administered nitrate and nitrite and their peak blood levels point to the higher risk of toxicity arising from consumption of nitrate-laden vege tables by inhabitants near the refinery and petrochemical 
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